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METHOD FOR CONTROLLING A MOTOR VEHICLE 

FIELD OF THE INVENTION 
[0001] The present invention relates to a method for controlling a vehicle, in 

particular a traction-slip control system, as well as a method and circuit arrangement 

for detecting a diagonal axle twist in a vehicle with all-wheel drive. 

BACKGROUND OF THE INVENTION 
[0002] Vehicle control systems which reduce the wheel slip to a value 

appropriate for ensuring traction and driving stability by building up brake pressure 

on the overspeeding drive wheels and applying a stronger drive torque to the wheels 

with tire contact are known from the prior art. These systems are available both for 

two-wheel drive and all-wheel drive vehicles. These vehicle control systems are 

called traction-slip control systems (TCS), or also "Electronic Differential Lock". 

"Automatic Stability Control." and "Traction Control System". 

[0003] Two designs have to be differentiated with respect to traction-slip 
control systems: traction-slip control and brake traction-slip control or brake traction- 
control systems. The first, i.e. traction-slip control system, additionally throttles the 
engine torque in certain situations in order to keep the load on the brakes as low as 
possible. The brake traction-slip control systems become effective only through 
automatic braking intervention. In the following. "TCS" refers to all feasible traction- 
slip control systems, i.e. those with and without intervention in the engine 
management. 
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[0004] Traction-slip control systems basically are configured for primarily level 
ground and road usage characterized by an at least approximately identical friction 
coefficient on both sides. 

[0005] When an all-wheel drive vehicle without axle differential lock drives 
over a diagonal furrow, causing the diagonally opposite front wheel and rear wheel 
to lose contact to the ground, these two wheels spin and so prevent any drive torque 
from being applied to the two wheels touching the ground (the two opposite wheels 
along the other vehicle diagonal). Since the vehicle is twisted considerably, this 
situation should be overcome as quickly as possible. For this purpose, strong 
tractive power is necessary to move the vehicle. An uphill road or an abrupt 
obstacle, for example a stone, lying in front of one or several wheels makes the 
situation even more difficult. 

BRIEF SUMMARY OF THE INVENTION 
[0006] In this case, sufficient traction can only be obtained with the help of a 

differential lock, because practical experience has shown that the measures realized 

in previous TCS systems have not sufficed since usually exceedingly large slip 

values at the spinning wheels are tolerated. The brake pressure on the relieved 

wheels is not maintained in the brakes long enough and, hence, a locking effect 

comparable to that of a differential lock is not achieved. 

[0007] The driven wheels of a vehicle diagonal are alternately subject to 
traction slip and the engine torque oscillates between the wheels involved depending 
on the current wheel load, brake pressure and engine torque. The pressure 
modulation in the driven wheels follows the traction slip. A stationary state is not 
reached. The vehicle becomes stuck. 
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[0008] The problem is to be illustrated on the basis of the following 
description. 

[0009] The power consumed ("PB") in a wheel rotating at a constant speed 
("U/t") and constant brake pressure (TB") is: 

PB = FB * vB ^ FB * 2 * ti * reff * U/t (1) 
[0010] Here, reff is the effective wheel radius, on which the brake force acts. 

U/t is to be stated as wheel rotations per second. 

[0011] Taking as an example the assumption that the left front wheel and right 

rear wheel spin on a diagonal furrow and are braked by the traction control, the 

following equations can be derived for the power consumed: 

PB1 = FBI * vBI = FB1 * 2 * 71 * rem * U1/t {2.1 ) 

PBS = FB3 * vB3 = FB3 * 2 * 71 * reff3 * U3/t (2.2) 
[0012] The wheel indices are selected clockwise: 

FBI = left front wheel 
FB2 = right front wheel 
FB3 = left rear wheel 
FB4 = right rear wheel 

[0013] Assuming that the brakes have approximately the same dimensions on 

the wheels and the speed of the spinning wheels, as well as the brake force also are 

equal, the sum performance can be simplified as follows: 

PBges = FB * 4 * 71 * reff * U/t (3) 
[0014] The total braking torque ("MBges") applied by the wheels, which acts 

on the other wheels - via the axle differentials or center differential - as total drive 

torque ("Mages") comes to: 

MAgeSspinning wheels ~ MAgeS(tractive wfieels) ~ FB * 2 reff (4) 
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[0015] Equation (3) makes evident that the entire engine power can be easily 
consumed with a sufficiently high speed. U/t, of the spinning wheels and medium 
brake force. FB. When the brake forces. FB, are too small, only a negligible drive 
torque is provided according to equation (4). However, in extreme off-road driving 
situations, especially in the event of diagonal twist, a high peak torque is required at 
least for a short time to free the motor vehicle from the difficult situation. 
[0016] This situation occurs relatively frequently on bumpy ground, since 
strong unevenness at first always causes one wheel to lose contact with the ground 
and tilting along a diagonal, which does not include the wheel that is off the ground. 
The wheel located diagonally to the wheel off the ground also will lose its tire contact 
force, either completely or partially, depending on the direction of tilt and inclined 
position of the motor vehicle. 

[0017] Therefore, it is an object of the present invention to improve a method 
for controlling a motor vehicle, in particular for driving situations on bumpy ground. 
Moreover, one embodiment provides a method and a circuit arrangement, which 
definitely detect a diagonal axle twist, in particular one caused by a driving situation 
on bumpy ground with diagonal furrows or abrupt obstacles. 

[0018] The object according to one embodiment of the present invention is 
solved by a method for controlling a motor vehicle, in particular a traction-slip control 
system (TCS). which is characterized in that a diagonal axle twist is detected and 
evaluated as a regulating variable. 

[0019] According to the method proposed in one embodiment of the present 
invention for controlling a motor vehicle, the situation of a diagonal axle twist is 
determined first. Then the state of the axle twist is evaluated as a regulating variable 




10543-028 

for the vehicle control. According to this regulating variable, systematic intervention, 
in particular of the vehicle control system, in, for example, the brake control, engine 
management, transmission function and/or function of differential locks can be 
initiated. 

[0020] According to one embodiment of the present invention, the effect of 
locking partially or completely a center, front axle and/or rear axle differential is 
achieved with means of the vehicle control system, especially by measuring and/or 
modulating the brake pressure in the wheel brakes of the controlled wheels, and/or a 
center, front axle and/or rear axle differential is locked partially or completely with the 
help of a differential lock, if available. 

[0021] At first the method necessarily demands that the need for a diagonally 
locked state be recognized and that such a diagonally locked state subsequently be 
achieved with means of the vehicle control system, preferably by controlling the 
brakes with the traction-slip control, wherein one or several available differential 
locks, for example a center differential lock, may additionally be activated. However, 
it is also possible to activate one or several available differential locks alternatively to 
the brake control. Furthermore, according to the present invention, intervention in 
the engine management is to occur in additionMo brake intervention, for example by 
means of such control elements as throttle valve or ignition. 

[0022] One embodiment of the present invention provides that, following the 
detection of the diagonal axle twist, a medium brake pressure level be set at the 
wheel brakes of the controlled wheels with a minimal drive slip corresponding to the 
required traction and that this be maintained for a certain period of time. 
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[0023] Sufficient traction is obtained in this case by maintaining the brake 
pressure at the relieved wheels for a period of time to achieve a locking effect 
comparable to that of a differential lock until the situation of the diagonal axle twist 
has been overcome. In this way the above-mentioned periodic oscillation of the 
engine torque between the wheels of a vehicle diagonal will be safely avoided, after 
the axle twist was detected by the method according to the invention, by preventing 
any lagging of the brake pressure. The locked state of the differentials or the 
comparable effect of a locked state preferably is maintained for a period of time that 
is sufficient for moving the vehicle over the obstacle. The speed ("U/t") of the 
spinning wheels is reduced by stronger braking. Thus, there is a significant increase 
in comfort, scraping of the wheels is basically prevented and the engine speed 
remains constant and relatively low. In addition, tire wear is minimized. 
[0024] According to the invention, the wheels concerned are controlled with 
relatively low slip values, preferably less than 30 km/h, so that higher pressure levels 
are set at the wheel brakes. For this purpose, the spinning wheels are braked down 
to traction slip values close to zero (0) in extreme cases. 

[0025] Increased build-up and delayed reduction of the brake pressure can be 

achieved in an advantageous manner by changing the pressure build-up and 
reduction gradients. The pressure modulation also can be changed by building up 
pressure quicker and reducing pressure more slowly. This can be achieved by 
shortening the interval time during the pressure build-up and extending the interval 
time when the pressure is being reduced, always keeping the pressure build-up and 
pressure reduction pulses unchanged or by enlarging the pressure build-up pulses 
and reducing the pressure reduction pulses with unchanged interval times. 
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[0026] According to the invention, the control threshold of the traction-slip 
control system also is lowered following the detection of a diagonal axle twist. 

[0027] By lowering the control thresholds of the traction-slip control, the drive 
slip is reduced additionally. This manipulation of the control threshold, when the off- 
road situation of a diagonal axle twist has been detected, preferably occurs only on 
the wheels that are in an active traction-slip control. Then only the wheels concerned 
are controlled with small thresholds so as to avoid that stable wheels come into a 
traction slip control phase. 

[0028] According to another embodiment of the invention, it is provided that 
the detected diagonal axle twist be evaluated as a regulating variable and/or a 
corresponding control function of the vehicle control system be activated only when 
the vehicle speed, in particular a calculated or estimated vehicle reference speed, 
falls below a specified vehicle speed limit value, preferably between 3 to 15 km/h, in 
particular about 6 km/h. Since a diagonal axle twist basically is a standard situation 
on bumpy roads and, hence, particularly in off-road driving situations, a center, front 
axle and/or rear axle differential is locked partially or completely and/or this kind of 
effect is only executed with means of the traction-slip control system if the vehicle 
speed is correspondingly low. 

[0029] According to this embodiment of the invention, a diagonal axle twist of 
a vehicle with all-wheel drive and a vehicle control system, in particular a traction- 
slip control system (TCS), is detected by means of a method that is characterized in 
that the diagonal axle twist is determined on the basis of the wheel slip, rotating 
behavior and/or changes in rotating behavior of the individual driven wheels. 
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[0030] Within the scope of this embodiment of the invention, the temn 
"vehicles with all-wheel drive" comprises vehicles where at least four wheels are 
driven permanently on at least two driven axles and vehicles driven primarily with 
one axle, where a second axle can be added whenever necessary. This can be 
done manually or automatically, for example with the help of a viscous transmission 
unit. 

[0031] Preferably this method allows the detection of such situations as when 
an all-wheel drive vehicle drives through a diagonal furrow when driving off-road. By 
determining the rotating behavior or changes in rotating behavior, it can. in 
particular, be determined when a diagonally opposite front wheel and rear wheel 
lose contact to the ground and these two wheels spin. 

[0032] According to a preferred embodiment of the invention, the rotating 
behavior of the individual driven wheels is measured and evaluated to determine the 
traction slip and other regulating variables, and a diagonal axle twist is determined 
on the basis of a drive slip of the individual wheels greater than a specified limit 
value. 

[0033] According to an embodiment of the invention, it is provided that a 
diagonal axle twist is determined on the basis of the rotating behavior and/or 
changes in rotating behavior of at least two transversally opposite wheels as well as 
two diagonally opposite pairs of wheels. 

[0034] Within the scope of the invention, the term "transversally opposite 
wheels" means that two wheels are transversally opposite one another related to the 
longitudinal vehicle axis. Thus, it refers to one right wheel and one left wheel of a 
wheel axle. The term "two diagonally opposite pairs of wheels" refers to the two 
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\A^eels located opposite one another along a vehicle diagonal respectively, i.e. the 
right front wheel and left rear wheel (first vehicle diagonal) or the left front wheel and 
right rear wheel (second vehicle diagonal). 

[0035] According to an embodiment of the invention, it is provided that a 
diagonal axle twist is determined when certain traction slip conditions are fulfilled for 
a predefined period of time. 

[0036] According to an embodiment of the invention, a diagonal axle twist is 
determined when the following conditions are fulfilled for a predefined period of time, 
i.e. a) a traction slip higher than a specified limit value prevails only on one wheel of 
the secondary axle; b) a traction slip higher than a specified limit value prevails on 
both of two diagonally opposite wheels of a pair of wheels; and c) a traction slip 
lower than a specified limit value prevails on a first wheel of the primary axle, with 
such first wheel lying opposite a second wheel of the primary axle with a traction slip 
higher than the specified limit value or at least a lower brake pressure, compared to 
the second wheel of the primary axle with a traction slip higher than the specified 
limit value, prevails in the wheel brake of the first wheel of the primary axle, with 
such first wheel lying opposite the second wheel of the primary axle with a traction 
slip higher than the specified limit value. 

[0037] In this context the term "primary axle" refers to the axle driven first by 
the engine or, in general, the axle having a higher drive torque or greater tire contact 
forces. In addition, the primary axle is characterized in that the wheels of the primary 
axle, assuming identical driving conditions, enter into a traction slip before the 
wheels of the secondary axle. The axle which transmits no or only a low drive torque 
in a state without traction slip is referred to as the "secondary axle" here. Only when 
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there is a corresponding difference speed will a large drive torque be transmitted by 
this secondary axle corresponding to the traction-slip control. 

[0038] According to an embodiment of the invention, the state of a diagonal 
axle twist is determined when the conditions a) to c) are satisfied for a period of time 
of 0.3 to 1.5 sec. The exact value can be determined individually by relatively few 
trials. It depends on the dynamics of the drive train of the respective motor vehicle. 
In one case, for example, a value of about 0.7 sec. has proven to be particularly 
suitable. 

[0039] According to the invention, a diagonal axle twist is determined when 
the defined traction-slip conditions are satisfied for a relatively short period of time, 
preferably 50 to 200 msec, in particular about 100 msec, and if the last diagonal 
axle twist was determined at least several seconds, preferably 5 to 15 sec. in 
particular about 10 sec, before. In other words, the diagonal axle twist is already 
detected when the pattern or the conditions of the traction slip is given within a 
relatively short period of time of, for example, about 100 msec, and when the 
situation of a diagonal axle twist was already determined before, within a trail time 
of, for example, about 10 sec 

[0040] According to the present invention, it is provided that a traction slip 
related to the wheel rotation speed of the spinning wheel, between 10 km/h to 40 
km/h, preferably about 30 km/h, be specified as traction-slip limit value. 
[0041] According to another embodiment of the invention, it is also provided 
that the traction-slip limit value on one wheel be considered exceeded when a 
control procedure of the traction-slip control system is initiated or maintained at the 
respective wheel. The traction-slip control system is active when it controls pressure 
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build-up, and the holding of the pressure or reduction of pressure at the respective 
wheel brake. 

[0042] In connection with the method for controlling a vehicle, in particular a 
traction-slip control system (TCS). the diagonal axle twist is determined with the help 
of a method according to one of the Claims 6 to 13. Thus, it is ensured that the 
diagonal axle twist is definitely detected. 

[0043] Furthermore, the partial object is solved by means of a circuit 

arrangement, designed to detect a diagonal axle twist of a motor vehicle with all- 
wheel drive and a traction-slip control system, with such vehicle exhibiting a 
detection circuit for detecting measured changes in the rotating behavior of the 
driven wheels, wherein the circuit arrangement is characterized in that the circuit 
arrangement exhibits a first detection circuit for detecting a diagonal axle twist of the 
vehicle on the basis of the changes in rotating behavior of the driven wheels 
determined by the detection circuit. 

[0044] According to an embodiment of the invention, the circuit arrangement 
is characterized in that the first detection circuit exhibits a first evaluation circuit for 
evaluating a slip of the wheels on the secondary axle, that the first detection circuit 
exhibits second and third evaluation circuits for evaluating a slip of the wheels of the 
two diagonally opposite pairs of wheels respectively, that the first detection circuit 
exhibits a fourth evaluation circuit for evaluating a slip of the wheels on the primary 
axle and that the first detection circuit exhibits an integrator and a signal generator to 
generate a signal when, with the help of the evaluation, certain slip conditions typical 
for a diagonal axle twist are detected by the first, second, third and fourth evaluation 
circuits. 
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[0045] According to an embodiment of the invention, it is provided that a 
second detection circuit be associated with the first detection circuit in order to 
determine a vehicle reference speed on the basis of measured values, and that the 
first detection circuit exhibit a comparator to compare the determined vehicle 
reference speed with a predefined limit value, with the first detection circuit 
generating a signal indicating a diagonal axle twist only when the determined vehicle 
reference speed falls below the predefined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0046] The invention is to be described in more detail using two flow diagrams 

(Fig. 1 and Fig. 2) and a block diagram (Fig. 3). 

[0047] Fig. 1 is a ftow diagram of an embodiment of the method according to 

the invention for detecting slip conditions of a diagonal axle twist in a motor vehicle 

with a primary front-wheel drive in a traction-slip control system. 

[0048] Fig. 2 is a flow diagram of an embodiment of the method according to 

the invention for determining a diagonal axle twist after the slip conditions of a 

diagonal axle twist, in particular according to the sequence shown in Fig. 1 , were 

detected. 

[0049] Fig. 3 is a block diagram of an embodiment of the circuit arrangement 

according to the invention for detecting a diagonal axle twist. 

DETAILED DESCRIPTION OF THE INVENTION 
[0050] At the beginning after the Start (Step 8), in Fig. 1, a low vehicle speed 

or vehicle reference speed (Vref) lying below a speed threshold (VS) is required as a 

basic condition for detecting a slip condition of a diagonal axle twist. Since, in the 

case of a diagonal axle twist, the two wheels in contact with the ground usually do 
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not overspeed. an estimated vehicle reference speed (VreO corresponds quite well to 
the actual vehicle speed. In order to avoid unlearning the pattern when starting, 
preferably a Vref less than 3 to 15 km/h. e.g. less than about 6 km/h, is required. 
Contrary to the given concrete example of an embodiment (constant value), this 
speed threshold (VS) can also be a function of detection safety, because when there 
is a relatively high pressure level and relatively strong intervention of the traction-slip 
control, the vehicle speed, as a rule, will be relatively low, causing the above 
condition to be fulfilled. 

[0051] In addition, the traction-slip control may only be active on one of the 
two wheels of the secondary drive axle, i.e. on wheels 3 and 4 of the above- 
mentioned definition (wheel 1 = left front, wheel 2 = right front, wheel 3 - right rear, 
wheel 4 = left rear), which is observed in the following. When the criterion of a low 
vehicle reference speed (Step 10) is satisfied, this requirement is checked in Step 1 1 
with the query TCS at Wheel 3 not active or TCS at Wheel 4 not active 
[0052] When condition 11 is satisfied, the query continues to step 12. where 
the condition TCS at Wheel 1 active and TCS at Wheel 3 active' (Case A) is 
checked. If the traction-slip control at Wheel 1 and Wheel 3 is not active, the 
corresponding condition TCS at Wheel 2 active and TCS at Wheel 4 active' (Case 
B) is checked in a subsequent step 13. Through queries 12 and 13, the occurrence 
of slip in the diagonally opposite pairs of wheels Wheel 1 and Wheel 3 in Case A as 
well as Wheel 2 and Wheel 4 in Case B are detected. 

[0053] As far as the wheels of the primary drive axle (Wheel 1 and Wheel 2) 
are concerned, traction-slip control should intervene only at the wheel that is 
diagonal to the controlled wheel of the secondary axle. Hence, the conditions are 
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checked in Step 14 for Case A - corresponding to an TCS controlled Wheel 1 - 
TCS at Wheel 2 not active' and in Step 15 - corresponding to an TCS controlled 
Wheel 2 - according to Case B 'TCS at Wheel 1 not active'. In certain situations 
these requirements may not be satisfied, e.g. in the event of a short "loss of contact" 
of a wheel having relatively good tire contact, since traction-slip control can occur 
here for a short time. For this reason, at least a small model pressure is required for 
the wheel lying opposite the mainly controlled wheel (Wheel 1 in Case A and Wheel 
2 in Case B). The pressure referred to as "model pressure" here means a pressure 
calculated for a certain wheel brake. 

[0054] When the conditions of Steps 9. 11. 12 and 14 in Case A and Steps 9, 
11,13 and 15 in Case B are satisfied, the slip conditions of a diagonal axle twist are 
given. These are detected in Step 16; otherwise they will not be detected (Step 17). 
[0055] The above-mentioned slip conditions or traction-slip control conditions 

for a diagonal axle twist of a motor vehicle with primary front axle drive can, for 
example, be detected with the following query: 

lf((Vref)<VS) 

and a wheel of the secondary axle is not active 
and ( (TCS active at Wheel 1 and TCS active at Wheel 3 
and ( (model pressure Wheel 1 >= model pressure Wheel 2) 
or TCS is not active at Wheel 2 

) 
) 

or ( (TCS active at Wheel 1 and TCS active at Wheel 3 
and ( (model pressure Wheel 1 >= model pressure Wheel 2) 
or TCS is not active at Wheel 2. 
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[0056] There result analog relationships for primary rear axle drive, with the 
pressure conditions and the condition TCS not active' applying correspondingly to 
the wheels of the rear axle (wheels 3 and 4). 

[0057] Following the detection of the slip conditions of a diagonal axle twist in 
a traction-slip control cycle (Step 16) shown in Fig. 1. the condition of a diagonal 
axle twist is determined, preferably according to the flow diagram shown in Fig. 2 
(Step 19). When the slip conditions for a diagonal axle twist in a traction-slip control 
cycle are detected (Step 20), an incorporated first counter (COUNTER1) is 
incremented by 1 in subsequent Step 22 provided the value of the first counter lies 
below a certain maximum value (COUNTERImax) (Step 21 ). 

[0058] If, however, the slip conditions in Step 20 are not satisfied and if the 

first counter has a value greater than zero (0) (Step 23), the first counter is 
decremented by 1 in subsequent Step 24, with such decrementation being continued 
up to the value zero (0). 

[0059] These conditions, for example, can be recognized with the following 
query: 

If (above condition satisfied) 
{ 

If (COUNTER1 < COUNTERImax) 
COUNTER1 = COUNTER1 + 1 

} 

Otherwise (if above condition not satisfied) 
{ 

If COUNTER1 > 0) 
COUNTER1 = COUNTER1 - 1 
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[0060] Following Step 22, Step 25 then checks whether the value of the first 

counter exceeds a threshold value (COUNTERInmi). with such threshold value lying 
below the maximum value COUNTERImax- If the first counter is greater than the 
threshold value COUNTERInmi. this means that the above-mentioned conditions 
were recognized consecutively over a certain period of time, for example 0.3 to 1.5 
sec. preferably about 0.7 sec. It is assumed that the situation of a diagonal axle 
twist was detected (Step 26). Then a signal indicating a diagonal axle twist can be 
generated, for example, a special control bit can be set; alternatively it can be 
deleted. 

[0061] This can be executed with the help of the following query steps: 

If COUNTER1 > COUNTERIiim) 

There is diagonal axle twist 
OthenA^ise (if COUNTER1 < COUNTERIiimi) 

There is no diagonal axle twist 

[0062] Since COUNTER1 can count up to COUNTERImax and the situation 

above the value COUNTER1iimi is considered to be detected, the mechanism has a 
"memory" of COUNTERImax minus COUNTER1 iimi multiplied by the cycle time. 
Another trail effect will occur as a rule because the control phases at the diagonal 
are maintained longer than the situation of the diagonal axle twist. 
[0063] In order to avoid this, a second counter (COUNTER2) is set to a start 

value COUNTER2start (Step 27) when a diagonal axle twist is detected. If a diagonal 
axle twist is not detected (Step 28) or outside an active traction-slip control, this 
counter is decremented to the value zero (0) within a specified time (Step 29). This 
period of time, for example, may be 10 sec. If the traction-slip control becomes 
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active again due to overspeeding drive wheels within this "trail time" and if the 
above-mentioned conditions still prevail (Step 30). then, if COUNTER1 has reached, 
in comparison to the value COUNTERInmi. a significantly lower value, preferably a 
value lower by 80 to 90%, COUNTER1nm2 (Step 31), the control bit will be set (Step 
32). Otherwise the system returns to the main program of the traction-slip control 
(Step 33). Consequently, the detection time is reduced considerably in this situation, 
and the above-mentioned disadvantage is avoided. 

[0064] With the help of the following query, these conditions (COUNTER2) 
can be detected: 

If ((COUNTER2 > 0) 

and (slip conditions of a diagonal axle twist detected) 

and (TCS active) 
Then if (COUNTER1 >= COUNTER1 ,1^2) 

diagonal twist detected 
[0065] According to this embodiment of the invention, all steps described 

above can be realized by means of a program-controlled circuit as corresponding 

program steps or through a sub-program within a traction-slip control system. 

[0066] However, the steps also can be realized with the help of a circuit 

arrangement. Fig. 3 shows the block diagram of a circuit arrangement which 

illustrates, by way of example, the essential electric and electronic components of an 

embodiment designed to detect a diagonal axle twist according to the present 

invention. 

[0067] An essential part of this embodiment of the invention is the first 
detection circuit 40. A first, second, third and fourth evaluation circuit 41. 42, 43, 44 
for evaluating a slip of the wheels on the secondary axle (circuit 41). the wheels of 
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the two diagonally opposite pairs of wheels (circuit 42 and 43). and the wheels on 
the primary axle (circuit 44) are associated with the first detection circuit 40. Inputs 
45, 46. 47. 48 of the evaluation circuits 41. 42, 43. 44 are connected to 
corresponding outputs 49, 50. 51. 52 of a detection circuit 54 for detecting the 
measured rotating behavior or changes in rotating behavior or traction slip of the 
individual driven wheels. The first detection circuit 40 also exhibits an integrator 55 
and a signal generator 56. When, based on the evaluation of the first, second, third 
and fourth evaluation circuits, inputs 45, 46. 47. 48 of the evaluation circuits 41. 42. 
43, 44 detected typical slip conditions for a diagonal axle twist over a predefined 
period of time with the help of integrator 55. a signal is generated with the help of 
signal generator 56 and supplied to an input 58 of a control circuit 59 via an output 
57 of the signal generator 56 in order to trigger corresponding traction-slip control 
intervention. In a preferred embodiment it is provided that a second detection circuit 
60 be associated to the first detection circuit 40 for determining a vehicle reference 
speed on the basis of measured values and that the first detection circuit 40 exhibit a 
comparator 61, with such comparator 61 exhibiting an input 62 for a signal coming 
from an output 63 of the second detection circuit 60 for the determined vehicle 
reference speed. With the help of comparator 61. the determined vehicle reference 
speed is compared to a predefined limit value. For this purpose, the comparator 61 
is connected to an input 65 of the evaluation circuit 41 via an output 64 and. either 
directly or through circuits not described in detail here, it generates a signal so that 
the evaluation by the evaluation circuits 41. 42. 43, 44 only occurs if the vehicle 
reference speed is less than the specified limit value. In this case, the first detection 
circuit 40 will only generate a signal indicating a diagonal axle twist if the determined 
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vehicle reference speed falls below the specified value, i.e.. particularly in 
connection with a driving situation in "difficult" terrain at low vehicle speeds. 
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